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Aerogels and Their Applications 

 
Aerogels, as the name suggests, are solid dispersions with a solid 
as the continuous phase and air as the dispersed phase. However, 
these may not be mistaken for simple porous solids as these are 
advanced materials with outstanding properties hitherto 
unavailable. These are produced by sophisticated possesses and 
have really come into vogue at the turn of the 20th century. 
Aerogel is a 3-dimensional, hollow and open-pore framework of a 
solid at nanoscale such that the volume fraction of the pores far 
exceeds that of the solid.  
While the most common aerogels are made from silica, the 
following are the different chemistries amenable to the formation of 
aerogels 

• Inorganic: Silica, alumina, transitional metal oxides, 
lanthanide metal oxides 

• Organic: Polymers such as resorcinol-formaldehyde, phenol-
formaldehyde, polyurethane, epoxy, polystyrene  

• Metals: Gold, copper 
• Carbon: Elemental carbon, carbon nanotubes 

 
 Since the silica aerogels occupy the pre-eminent position, the 
following discussion mainly pertains to silica aerogels. These 
aerogels have assumed an important position in advanced 
materials owing to their extreme light-weight character and highest 
thermal insulation characteristics as outlined below:   

•   Extremely low bulk density of the order of 100kg/ m3; as 
the volume fraction of air is 95% ~ 99%. 

•  Lowest thermal conductivity of any known material : 9~12 
mW/mK 

 
Aerogels are produced by the sol-gel process which involves 
hydrolysis and condensation of the organo-silane precursors under 
suitable pH conditions. The gel formed after condensation contains 
pores filled-in with a liquid such as alcohol. The removal of this 
liquid is the most difficult part as the surface tension forces can 
tear apart the solid network destroying the gel structure. Therefore, 
supercritical drying process is employed where the dense carbon 
dioxide (Pressure > 7.39 MPa and temperature >31.1o C) is used 
to flush out the liquid. As the supercritical carbon dioxide has no 
surface tension, it is able to displace the liquid completely. Carbon 
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dioxide subsequently leaves the pores by evaporation, leaving 
behind a clean porous aerogel. 
Aerogels appear as translucent materials with a bluish hue owing 
to Raleigh scattering of the blue light by the nanoparticles. These 
aerogels as produced are friable materials and crumble rather 
easily. Hence these are subjected to organic treatment in the form 
of polymeric cross-linking. For this purpose, a di-isocyanate is 
used to react with the hydroxyl groups on the silica surface. This 
reaction creates a kind of polymer layer on the silica 
nanostructures. These aerogels are called as ‘X-Aerogels’ (‘X’ 
stands for cross linked). The Figure (Conventional aerogels & 
isocyanate cross linked aerogels) shows the structure of aerogels 
before and after the polymeric cross-linking. The polymer 
obviously displaces some voids and hence there is almost a three 
fold increase in the density of an aerogel. However the mechanical 
properties are improved substantially. These X-Aerogels are 300 
times mechanically stronger than the unmodified aerogels. The 
specific compressive strength of these X-Aerogels is up to 10 
times that of steel. Thus the polymeric cross-linking of the aerogels 
not only overcomes the fragility of the raw aerogels, but also 
makes available a new class of robust materials for construction. 
This kind of organic cross-linking can be carried out using 
polyurea, epoxy and polystyrene whereby novel properties can be 
imparted to the resultant X-Aerogel. 

 
 
 
*Figure:  Conventional aerogels (Left) & Isocyanate cross linked 
aerogels ( Right) 
      (*Ref:  http://ntrs.nasa.gov/archive; Leventis,Nicholas) 
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The properties of aerogels can vary significantly depending 
upon its chemical composition and morphology. However, the 
following list provides an indication of the properties of 
commercial aerogel materials (including X-Aerogels as 
applicable):  
• Variety of particle sizes:   5.0 microns~ 4mm 
• Extremely low thermal conductivity: 9~12 mW/MK 
• High Porosity: >95% Air, <5% Solid 
• Nanosize pores: 10~40 nm 
• High surface area: 800 ~ 1500 sq.M/g 
• Low tap density: 30~100 kg /cubic meter 
• High oil absorption: 540 g /100g 
• Specific heat:  0.7~1.15 KJ /Kg 
• Refractive index: 1.025   closer to RI of air. 
• Dielectric constant: < 1.1 which is ultra low for any solid 

material. 
• Very low acoustic conductivity  ( Sound velocity of 100 

m/sec) 
• Compressive strength: Excellent for X-Aerogels.  
• Surface chemistry: Completely hydrophobic; floats on water 

resists water infiltration 
• Opacity: Translucent or  IR opacified or opaque 

 
 

Applications of Aerogels 
 

1. Thermal insulation: The transfer of heat across an aerogel is 
considerably retarded in conductive as well as convective modes 
owing to the presence of large volume of air confined in numerous 
nano cells. By specific doping, even the radiative heat transfer can 
be retarded by absorption or reflection of infrared radiation. 
The most important application of the aerogels is in the area of 
thermal insulation. It surpasses all other insulators hitherto 
available. The material was originally developed by NASA for 
spacecraft insulation and is now available commercially. The 
thermal conductivity of aerogel is 2~4 times lower in comparison to 
PU foam. A 6 mm thick sheet of an aerogel can maintain one side 
temperature of 100o C when the other side is as hot as 1000oC.  
Similarly, one side can be maintained at 22oC when the other side 
is in contact with dry ice at -78o C. This shows the amazing 
insulating property of aerogels.  
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The aerogel insulations have a great role to play in energy 
conservation as the loss of energy due to dissipation can be 
prevented in many industrial and household applications. This will 
cut down the energy needs and the greenhouse gas emissions 
associated with energy production. It is estimated that CO2 
emissions can be cut down by about 29 % with the improved 
insulation based on aerogel technology. 
Organically modified flexible aerogels have also been developed 
for use in blankets and jackets for extreme weather conditions. 
2. Electrical insulation: Due to its low permittivity, aerogels are 
good electrical insulators. 
3. Acoustic insulation: Velocity of sound being very low in 
aerogels, they provide good sound deadening effect. Their 
excellent ability to reflect audible sound waves make them 
excellent barrier materials.  
4. Catalytic support: Large surface area of aerogels makes them 
good candidates for supporting the catalysts in automotive and 
industrial applications. 
5. Potential applications in coatings:  Aerogels can be 
advantageously used to perform the following functions in 
coatings: 

• Thermal insulator 
• Rheology modifier 
• Mattening agent 
• Moisture resistant 
• Anti-corrosive coatings 
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